This study investigates the contamination of foods and surfaces with Clostridium difficile in a single nursing home. C. difficile PCR-ribotype 078 was found in one food sample and in none of the tested surfaces. These results indicate that food and surfaces are an unlikely source of C. difficile infection in this setting.
Clostridium difficile is a spore-forming anaerobic bacterium recognised as a major cause of nosocomial colitis and antibiotic associated diarrhoea. The main risk factors for C. difficile infection (CDI) are considered to be patient age over 65 years; gut microbiota changes; previous hospitalization; antibiotic exposure and certain underlying diseases [1, 2] . Nursing homes can therefore be particularly susceptible to outbreaks [3] , and the environment (e.g. contaminated surfaces in resident rooms) and foods might play a significant role in the nosocomial transmission of this bacterium [4, 5] .
The aim of this study was to assess the presence of C. difficile on freshly prepared food in the kitchen area of a nursing home and to examine the presence of this bacterium in the environment, including kitchen surfaces, patient rooms, toilets and common lounges of the retirement home.
The study was conducted over four months, from March to June 2013, at a local Belgian nursing home with a total capacity of 110 beds. This healthcare facility implemented cleaning protocols to assure an appropriate eradication of C. difficile spores. Residents' rooms are cleaned and disinfected daily using bleach-based disinfectants (sodium hypochlorite 10%). Subsequent automated gaseous decontamination (stabilised hydrogen peroxide 6%) is also performed weekly. However, for residents suffering from CDI, the automated gaseous decontamination of the room is performed every day.
During the study period, one case of CDI was diagnosed by the nursing home medical services between weeks 11 and 14 while an additional case was detected 9 days before the study began. Furthermore, during the same study period another research work was conducted in the same nursing home. A group of 23 elderlycare home residents was followed weekly to evaluate the presence of C. difficile. Preliminary results revealed 7 out of 23 monitored residents positives for C. difficile at least once. Regarding positive residents to the bacterium, 57.1% (4 out of 7) suffered at least one diarrhoea episode at the time of sample collection. However, the nursing home did not experience a C. difficile outbreak during the study period. The main C. difficile strains found in the nursing home residents were identified as PCR-ribotypes 027, UCL36 and UCL16a (unpublished data). UCL followed by an international number was used only for C. difficile strains that presented a PCR-ribotype profile which not matched the Cardiff ribotypes from the strain collection available in our laboratory. None of the human strains isolated during the entire study were identified as PCR-ribotype 078.
In this nursing home, all meals for residents served daily in the canteen are prepared in-house by the kitchen staff. A second kitchen is available for residents who want to prepare their own meals. Every day (where possible), approximately 90 g of the main course of the midday meal prepared in the canteen and 60 g from a meal prepared in the resident's kitchen were sampled and stored at À20 C in the nursing home's freezer for a maximum of 6 days. This meal quantity was the maximum provided by the two kitchen's services of the nursing home and included all food sorts of the meal in equal parts. Every Friday, samples were collected and transported to the laboratory for immediate analysis. The food preparation date, analysis date, quantity, and ingredients for each sample were recorded.
Samples from surfaces were taken on two different occasions with a 65-day interval between them (5th March and 8th May). A variety of areas in the canteen kitchen (including trays and meal delivery carts for the canteen and rooms) kitchen-staff locker room and bathroom, residents' rooms, private bathrooms, residence hall, lifts and staircase railings were tested. Samples from common areas, the kitchen and the staff bathroom and locker room were swabbed after routine cleaning. Resident rooms were sampled before (n ¼ 4) or after (n ¼ 4) being cleaned. A variety of residents' rooms were sampled, covering a range of occupancy and need requirements; private rooms were sampled from dependant, semidependant and independent residents. The dependant classification was used for residents who were confined to bed. Residents able to get out of bed but who need assistance with walking, toileting or eating in the canteen were classified as semi-dependant. Independent residents were identified as those who can perform all basic tasks necessary for a normal life without additional care support. On the first day of sampling, surface swabs were collected from randomly chosen rooms. During the second visit, sampling was performed in rooms from residents previously tested and identified as positive for C. difficile, based on the previous results of faeces culture (Table 1) . Samples were collected using a sterile cotton swab first moistened in sterile buffered peptone water with cysteine 0.5% (Oxoid, Dardilly, France). A total area of approximately 100 cm 2 was swabbed for each sample. Swabs were placed in sterile and labelled 10 ml tubes. They were kept at room temperature for a maximum of 5 h until arrival at the laboratory, where they were immediately processed. An enrichment culture was performed on all samples. A total of 50 g of meal was added to 150 ml of cycloserine cefoxitin fructose taurocholate (CCFT) broth (produced in-house), as previously described [6] but without agar, and both were homogenized 3 min in a stomacher device (Interscience, Saint-Nom-La Brechete, France). Surface swabs were placed into 10 ml of CCFT. The enrichment broth was incubated for 3 days in the case of food samples and for 10 days in the case of surface samples, both at 37 C in an anaerobic workstation (Led Techno, Heusden-Zolder, Belgium). Subsequently, approximately 10 ml of the broth was spread on to CCFT plates [6] and incubated anaerobically for 48 h at 37 C. Suspected colonies were identified by C. difficile latex agglutination rapid test Kit DR 1107A (Oxoid) and by C. difficilespecific PCR, as previously described [7] . A cytotoxicity assay using MRC-5 cells was performed, as described elsewhere [8] .
C. difficile isolates were characterised using the GenotypeCDiff test system (HainLifescience, Nehren, Germany) for detection of all toxin genes (tcdA, tcdB, cdtA and cdtB), the deletions in the regulator gene tcdC (18 bp and 39 bp deletions or single base deletion at position 117), and gyrA mutation, according to the manufacturer's instructions. PCR-ribotyping was performed as described previously [9] .
A total of 246 environmental surfaces and 188 food samples were analysed. C. difficile was isolated from only one meal sample (0.53%) composed of pork sausage, mustard sauce and carrot salad. This meal had been prepared in the canteen kitchen. The isolate had a toxic activity confirmed by cytotoxicity assay and contained the genes coding for the A, B and binary toxin. A 39 bp deletion in the regulator gene tcdC was also detected. The isolate was identified as PCR-ribotype 078.
This finding suggest that the contamination level in prepared meals is lower than the contamination reported in other raw foods such as meat or vegetables where the prevalence ranged between 0.9% and 20% [10] . Regarding the prevalence of C. difficile in foods in Belgium, only one previous study reported the presence of the bacterium in retail meat with a percentage of positive samples ranging between 2.3% and 4.7% [11] . One possible explanation for this low recovery rate in prepared meals is that an inhibitory effect on C. difficile spores has been observed after a heat shock at 85 C, with a sub-lethal effect at 71 C [12] . In this study, a total of 70 out of 188 (70.7%) samples analysed were composed entirely from cooked ingredients, while 55 out of 188 (29.3%) contained one or more raw ingredients such as lettuce, tomato or raw meat. The only positive sample for C. difficile was recovered from a meal composed of carrot salad, mustard sauce and pork sausage. However, contamination could have originated from any of the ingredients (as they were analysed together) or even from the kitchener's hands. The PCRribotype isolated (078) has been frequently reported in pork retail meat in USA and Canada [10] but has also been considered as an emergent hypervirulent strain in humans [13] . Nevertheless, in the present study none of the circulating clinical C. difficile isolates in the nursing home were identified as PCR-ribotype 078. These results indicate that food is an unlikely source of C. difficile infection in the nursing home evaluated.
Surprisingly, none of the surfaces sampled were positive for C. difficile, even after 10 enrichment days on selective medium. [16] and rodac plates [17] . This diversity in the methodology can help to explain the variations in spore detection. For this reason, a standard method to estimate the environmental contamination of C. difficile spores would be desirable. However, care was taken to achieve robust results: a large number of samples were performed from a variety of surface types, including the zones commonly contaminated, e.g. bedside table, bedrail or toilet floor [14] ; sampling was performed on two different days separated by a large time interval (65 days); and an effort was made to exert the maximum pressure possible for each swab. Because of these measures, our results indicate that the implemented clean program to control the spread of C. difficile on the nursing home is effective and if there was any surface contamination, the number of spores in the environment must have been very low and not easy detectable.
In conclusion, the results of this study indicate that the nursing home environment and meals studied are unlikely to serve as vector of C. difficile infection. As meals from two different kitchens with different hygiene procedures were tested over a period of four months, we report a low C. difficile contamination level in ready-toeat foods prepared in the nursing home's kitchens. For the environment, it is probable that results vary significantly between retirement and healthcare establishments according to procedures for routine cleaning and disinfecting, or even depending on the procedure used to isolate C. difficile.
